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•Hiitfs or? Steel. 



The following suggestions are intended to convev to users 

and workers ot steel some of the principles whirl, govern the 
loam turerthat are usually shrouded in mvsterv "ami to en- 
aide them to become better acquainted with the iv-uIn whic'h 
follow the several methods of working steel. 



KINDS OF STEEL. 

It is not our intention to enter into a discussion of 
all kinds of steel— as that information is better ob- 
tained from books on the subject— but that you may 
distinguish true steel from the many steely or cold- 
short brittle irons tidied steel, made by the several meth- 
ods of carbonizing, now being submitted to the public. 

The majority of these come to grief as a commer- 
cial article, because of their nature, which is brittle, 
and have no body or toughness. They may harden 
well— so will pure cast-iron. They show the nature 
of steel, but as good steel can only be madt of pun re- 
fined material, these fail because they are the product 
of cheaper processes of making- iron. 

Mixtures of irons well known to steel-makers are 
too often placed in market as new discoveries, which 
too soon tell their own story, and a good mechanic 
must have results. 

We will confine our remarks principally to Hiqh- 
Grade Steel, that being our specialty. 



BLISTERED STEEL 
Is the product made by placing wrought-iron bars in 
layers in an iron box, with charcoal or mixtures of 

charcoal and oily matters between the layers, then 
sealing up the box with clay and subjecting it to a 
cherry-red heat for hours or days, as may be deemed 
best, the iron becoming carbonized by absorbing the 
carbon of the charcoal. This kind of steel has an 
uncertain value, because the centres of the bars are 
too often soft and there are too many untreated spots 
occurring in them Manufacturers of Crucible Steel 
use it to break up into melting pots, to shorten the 
operation of making Crucible Cast Steel. 

BESSEMER STEEL 

Is the product made by melting a suitable quality of 
pig-iron in a cupola, and while hot to be poured into 
a converter, which is furnished with a strong blast 
blown by powerful engines, the action of which sep- 
arates the graphitic carbon and slags from the iron, 
leaving it comparatively pure and partially carbon- 
ized. By further treating it with an addition of 
spiegel containing manganese, the carbon is raised to 
the desired limit. 

This kind of steel enters largely into commerce, as 
machinery steel, structural steel, rails, oVe. Many 
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efforts are being made to re-work it with steel suitable 
for edge tools, ami except for the cheapest kind-of 

imitation it has not been successful. Reheating it and 
hammering it improves it by working in the latent 
carbons, ami while some of it is occasionally used for 
tools, it has in all instances proved the labor on it to 
lie more than its market value. 

OPEN-HEARTH STEEL 
Is the product made by melting mixtures of pig-irou 
and good steel, and sometimes with the addition of 
wrought-iron. This is melted and boiled at a high 
heat in a large furnace for several hours; manganese 

i> then added until the mixture her es carbonized 

to the desired temper, and then run into ingot molds. 
This class of steel enters largely into use in manu- 
factured goods of many descriptions, and the best 
quality is used for spiral springs, and here its useful- 
tns to stop, waiting for scientific mind- to de- 
velop it into higher use, as its present brittleness pre- 
vents it being used for edge tools, dies, ,-utlerv. & c . 

CRUCIBLE STEEL. 

This kind of steel is commonly known a.- Tot Steel. 
because it Ls carbonized in crucibles, holding from 
sixty to eighty pounds each, placed in furnaces called 
pot-holes, and subjected to a very high heat, ranging 



from 3500 to 4000 deg. F., for about four hours. If 

the operation consisted in only melting the puddled 
iron used, the operation could lie completed in an 
hour, hut it requires after meltiiijr a sufficient time to 
complete the chemical reactions, which gives the steel 
its wonderful toutrhnes- and tempering qualities. 

The ores from which the iron i- made must he care- 
fully selected and scientifically reduced to ca-t-iron. 
with all the iron nature retained without impurities. 
This iron is then boiled in a puddling furnace, and all 
impurities and carbon worked out and slaved oft; tin- 
ball is then formed, requiring to he treated so that 
no chill can form or any slajr allowed to adhere to it. 
and then rolled into suitable bars for cutting up and 

filling the crucible. ■ 

The oldest practice extant causes these bare to be 
cemented or made into Blister Steel before charging 
into crucibles, hut latter processes require mixture! 

of prepared steel and iron, with such additions and 

treatment ;i- each manufacturer determines to he best 

for the qualities of steel he is making. The-, mixture- 

are almost numberless, and an secrets of the works 

using them. Hence each manufacturer has a line of 
custom which is more or less pleased with the product 
lie sends them until thev find a hetter. 



CARBON IN STEEL. 

We have only spoken of carbonizing in general 

terms, but as the carbonizing or giving temper to 
Steel is an all-important subject to users of steel, we 
will mention the important relations it bears to the 
steel to be used. A common complaint is that steel 
contains hard and soft spots or layers, and these re- 
sults are the effect of imperfect carbonization, and de- 
pend upon the skill and willingness of the manu- 
facturer to incur the necessary expense in making, 
and an avoidance of all haste in securing results. 

Carbon in steel is measured by points, the parts of 
one per cent., and the amount of carbon determines 
the temper of the steel and the uses to which the steel 
may be put. If all workers in steel heated and 
tempered steel alike, these tempers would become 
arbitrary, but as they do not, the temper or amount 
of carbon which suits one person perfectly does not 
suit the other. This is wrong, for the best efforts of 
the manufacturer are put forth to produce the best 
steel for the different fixed purposes, and workers in 
steel should endeavor to learn to adapt his heating, 
working, and hardening to the nature of tin- steel 
he is to use. 

The following list of carbon tempers will illustrate 
•our meaning and be a good general guide for the 



user, often preventing him from using a steel unsuited 
by its nature for the intended work. 

The lower the carbon, the tougher and more elastic 
steel will be when subjected to hard abuse or heavy 
blows. The higher in carbon, the more brittle it is, 
the higher cutting edge it will keep, but will not stand 
blows of a hammer, being less elastic and weaker in 
tensile strength. 

CARBON TEMPERS. 

Spring Steel.— .60 points carbon is used for 
strong springs for heavy weights. 

.70 points carbon is used for clock and watch springs 
and light carriage springs — tempers blue. 

Sett Steel. — .70 points carbon is used for sett 
chisels, and other cutting tools standing heavy ham- 
mering — tempers a bright blue or deep straw. 

Die Steel.— .7.1 points carbon is used for dies 
which form hot-cutting or cold-pressing — teni[>ers a 
deep straw color. 

.80 point carbon is used for die.- which do cold-cut- 
ting, punching tiles, &C. — tempers a deep straw to 
bright blue. 

Cutlery Steel.— .90 points carbon is used for flat 
and spring knives — tempers fine and is elastic — tem- 
]>er- a bright blue. 



Chisel Steel.— l.dii points carbon is used for cold 
chisels for cutting general iron work, stone. &c— 
tempers a bright blue to deep straw. 

L10 points carbon is used for fine hard-chipping 
chisels on chilled castings, steel, granite, &c. Used 
al-o for spindle.-. Will not stand heavy blows. Tem- 
pers bright blue. 

TOO! Steel.— 1.25 point.- carbon for lathe, planer, 
and machine tools — tempers a straw color. 

1.35 points carbon. A special steel for chilled cast 
bags, does not need a high temper to stand well — tem- 
pers a bright bine or deep straw. Must In- carefully 
treated. 

Razor Steel.— 1.50 points carbon used for razors 
and fine surgical instrument-. Tempers a cat's-gray. 
Most be carefully handled. 

Edge-Tool Steel.— 1.00 to 1.50 points carbon 
used for carpenters and other fine edged tools, and 
Varies according to the use it is put to — usually tem- 
pered blue to pur] ile. 

Self-Hardening Steel.— 1.50 to 1.75 points 

carbon. This steel is used because it saves retemper- 
ing, requires great care to save waste from overheating. 
It is tempered in a draught of air. If treated well it 
does marvelous work. 
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FORGING STEEL. 

A difference in carbon in steel make* a difference in 
the heat at which steel may be worked. The range 
of colors varies from a black heat to red heat. 

The average color for working Chisel and Tool Steels 
is cherry red, and Hard-Tool Steel not above a red heat. 
What a Chisel Steel iroti/d stand msilij ivoii/d hum 
Tool Steel and cause it to crumble. Although very 
sensitive to heat, steel will bear more forging than 
iron if not overheated. 

In forging steel, use a good-sized hand-hammer with 
rapid strokes, and the steel will forge much easier 
than with a sledge and with heavy blows. 

Overheating, remember, is injurious to steel, and 
while you may succeed in forging the piece, the tools 
made will not wear half so well as when the forging 
is done at as low a heat as possible. The steel-maker 
uses the greatest care to compact and toughen the 
steel by rolling and hammering at great expense, and 
as overheating expands the steel and opens the grain, 
it Stands to reason that his labor is thrown away and 
the compactness lost when it is overheated. All steel 
should be heated slowly by soaking; the blast should 
be avoided ; the steel should be turned often, and kept 
at a uniform color while folding. A brick or a piece 
of iron placed over the tire is a great assistance in 
giving steel a proper heating. 



When steel has been forged to Bhape, it should be 
allowed to nml slowly until cold, and if to be machine- 
cut before using, they should be annealed in a box of 
ashes or a mixture of lime and charcoal. 

It is dbsuhitrhj iimssunj to select fhc proper steel 
adapted to the intended purposes. 

WELDING STEEL. 

There is no difficulty in welding Natural or Blister 
Steel, but with Crucible Steel the ease is different. 
Two pieces of this steel can be easily welded together, 
or welded to iron, if proper care is used. 

It is necessary to use a flux, and a mixture of cal- 
cined borax and potters' clay is used in equal pro- 
portions. Calcine the borax by placing it in an iron 
pot over the fire until the water is evaporated off and 
the residue melts into a glassy substance, then mix 
this thoroughly with the clay. The object in using 
a flux is that it will melt and form a glassy surface 
on the steel scarfing to prevent the forming of oxide, 
which hinders it from welding. Watch the flux to 
see that it does not burn off and then the heat being 
a proper orange color, the steel will make a good weld. 

Heavy pressure or a rapid stroke of the hammer is 
all that is needed to cause proper cohesion. 



HARDENING AND TEMPERING STEEL. 
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In hardening steel ii is essentia] to heat to the point 
which gives the greatest hardness, and it is more essen- 
tial that the temperature of the cooling fluids he 
proper. If the steel is heated properly, the degree of 
hardness is better regulated by the choosing of more 
or less cold fluids, as different carbons of steel show 
different colors at the same heat. The heat that 
hardens one kind hard would make another too soft. 

Hard well or spring water is the best to use for 
tempering. Some use salt in addition, while others 
use clay and salt. If these are properly used as ex- 
perience will dictate, there are no other mixtures which 
can excel them. The use of oil for thin blades re- 
quiring elasticity is proper and good in its place. 

For hardening large objects a current of water is 
necessary. Proper tempering can only be learned by 
learning the working qualities of different tempers on 
the work to be done. A tool often tempered to one 
piece of work will not do another piece. 

Hardening in oil is of value when the carbon is 
higher than that required to suit the purpose for which 
the steel is intended. 

If the edge of a cutting tool granulates, it is evidence 
that it has been overheated ; if it drifts, then it re- 
quires to be hardened more. 

If a steel does not give its best results on a first trial, 
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HOW TO TELL GOOD STEEL. 
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surface, close and shiny, with a fine bluish lustre, 
without pin-holes, cracks, or streaks of whitish color. 
When niaehine-dressed, the surface will be of even 
color and texture, and entirely free from dark and 
white colorings, as though marked with black oily 
fingers. When ground it is hard, but catches the grit 
of the grindstone evenly. When polished it has a 
fine high lustre of a looking-glass. 



HOW TO TEST STEEL. 

The surest test of the quality of steel is to draw it 
down to tapered point, harden it, and try the strength 
by breaking it with a hammer (the blow being 
light), and the degree of force required determining 
its quality, or secure the hardened point in a vise and 
try its strength. A trial will demonstrate the value 
of this test and be of value to the user. 

Cutlery Steel, when sharpened, should cut the finest 
kind of shavings from a piece of sort pine wood with- 
out marring the surface. Try your knife on a hone ; 
if it grinds without burning, you know it is an extra 
fine piece of steel. 

If a chisel will upset behind the tempered point 
under heavy blows, it is evidence of superior tough- 



MAKING STEEL DIES. 

The selection of steel for dies is an important <me. 
The manufacturer must use the best materials and of 
remarkable toughness, and of good tempering quality, 
free from veins, pin-holes, and show of dear even 
color when planed, free fn ill discolorations. 

The steel when cut to shape should then be ex- 
amined with a lens for ash-streaks, which are almost 
invisible, and • of the causes of steel cracking. 

If the die is a costly one. the steel selected should 

be washed with diluted aqua forth, which will show 
these streaks and the damask veins of t lie steel. If 
the steel is all right, the grain of the surface will ap- 
[>ear close, fine, perfectly uniform, and clear in color. 
Steel for Stamping dies should lie softer than steel 

for cutting dies, a- a die which would cut perfectly 

will crush if used tor stamping. So. also, there is a 
difference in cold and hot cutting Bteel, which should 
he noted by the manufacturer. One who makes Die 
Bteel a special stud) soon bea » aware of this differ- 



Die Steel is made at a low specific heat, therefore 
the die-worker should use only a low heat, ami exer- 
cise greet patience in developing the hardening and 
tamper. 

A makeshift way of working and neglect not only 
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destroys the value of a die, but often spoils the steel, 
causing cracks from unequal expansion and contrac- 
tion. Very much depends on the die-worker, his 

keen appreciation of the proper heat, which should he 
the lowest possible, and his care to avoid overheating 
or of heating too often. 

After the forging is complete, Die Steel should be 
annealed, and a good way to do is to imbed the steel 
in coarse charcoal powder in a crucible, then heat it 
to a cherry red, then imbed the crucible in ashes and 
let it cool very slowly. This should be particularly 
well done if the steel is to be engraved or very fine 
cutting points made in it. A low heat lasting 24 
hours is none too long for proper annealing. When 
ready to harden, heat the steel slowly in a crucible in 
charcoal ; and as the steel is injured by rehardening, 
the heat selected should be that which will give it 
the hardest temper required, which is easily deter- 
mined by trying a piece off the same bar. Then the 
hardening is best done in clear running water. It 
will now become apparent to the operator that steel 
takes different degrees of hardness under the same 
treatment, which will clearly show him that he must 
know the carbon temper of the steel he is using, and 
select that which is best suited for his purpose. 

A number of methods are resorted to by die-makers 
to avoid cracking steel, but we know none better than 
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the proper selection of steel to begin with, and the 
careful avoidance of overheating. 

A pood custom is to boil a die in water for several 
hours, and let it cool off in the water, as it toughens 
the die by relieving it of the overstraining of any part 
caused by contraction. 

A pure ductile steel is not liable to shrinkage, and 
is therefore free from cracking; and if selected at we 
have mentioned, the danger will very often be avoided. 

Tempering dies can be well done in a pan of heated 

Remember that the dower all heating is done, either 

for forging, annealing, hardening, <ir temj>cring, the 
better the die will be. 
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PRICES. 

We have found it impossible to manufacture the 
quality and character of the steel required by our cus- 
tomers at ruling prices of cheap steel, or at the 
same prices of some English or other foreign steels, 
and we do not desire to compete with cheap grades of 
steel. 

Our steel is SPKcr.vL, and as such it is cheaper than 
any steel furnished in this market. It is so far superior 
to so-called cheap steels, in the quality and amount of 
work done, that it is far cheaper than any of them. 

It is cheaper in cost than special imported or do- 
mestic steels, and it rivals the best brands in results, 
which is of far greater importance. 

Our steel will be sent at our expense, on an order 
from you, on approml: if satisfactory, we expect a fair 
price for it ; if not, you will please return the steel at 
our expense, and OWE us nothing for what you may 
have used in trying it. 

We will always appreciate a customer sending us a 
condemned tool, if he has one, that we may know why 
it was rejected. Be sure to try it twice before sending 
it back, as ocerheoting may be the trouble with it. 
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OUR MILLS. 

The mill buildings are large and roomy ; the roll- 
ing-mills are the finest known, made with all improve- 
ments, giving strength and accuracy in rolling, each 
and every mill running with separate engines, and so 
arranged as to do the work well and economically to 
fine gauges. 

Furnaces for refining, heating, and carbonizing 
steel are of the best patterns, and working perfectly, 
so that bars of steel of the largest and the very 
smallest sizes can lie rolled at will. 

Steam-hammers varying from 400 pounds weight 
to ten tons have been erected, and are of the best 
makes known for the proper tilting of steel. 

Our storerooms are large and ample for necessary 
stock to keej) ready for orders. 

Machine and other shops fully equipped for work ; 
a cold-rolling-mill is being finished to meet trade re- 
quirements, so that the equipment i^ second to none of- 
any known steel works. 

All stock is carefully examined, analyzed, and 
tested during all stages from the raw material to the 
finished product. 



The Carpenter j&eel Company, 

INCORPORATED, 
Was organized in New York city, where it has its 
principal office; also in Jersey City, N. J. 

The Works and General Office are located at Read- 
ing, Berks County, Pennsylvania. 

For some years the experiments were carried on, to 
see if fine steels could be made to meet the rising de- 
mands for fine steels in this country ; and when suc- 
cessfully demonstrated, a temporary works were se- 
cured and a test made on a large scale, costing many 
thousand dollars. 

The steels manufactured were sold on approval, at 
almost any price users of steel would pay, until the 
commercial value of the steel was fully assured: then 
sufficient capital was invested to make it a strong 
financial company, composed of gentlemen of means 
in New York, Philadelphia, and other cities, and our 
new Works at Reading were built and equipped to 
meet the growing demand for this steel. 

All the promises made by mechanics and users of 
steel have been fully kept, and they have made a suc- 
cess of our enterprise by patiently trying specimen 
bars to test their value, and responded handsomely by 
ordering their supplies from us. 






REMARKS OF MECHANICS 

Ir\.u. M.i-rtn 1.1 liuui.f t..n» u«n 
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GENERAL REMARKS. 

"With the foregoing remarks we might close, but as 
you may be interested in knowing about steel-making, 
and why all steel is not what it seems and what steel 
should be, we hope to make the following an interest- 
ing source (if information. 

In former years, the history of the world tells us, 
steel has been made which surpasses all comparison 
with the present article. This is undoubtedly true, 
for the treatment of ores took a long time before being 
converted into iron. All the heating required after- 
wards being done by charcoal fires and hand-blowers 
on small lumps, and the reworkings were slow and 
laborious; and we discover that the slower' methods 
of working iron into steel are producing the better 
article. 

In later years, the introduction of furnaces, work- 
ing large masses with the assistance of machinery, 
has made steels of poorer variety, while they have 
served the world well by producing so-called steels 
which have not needed to be of the highest grade, and 
with them tilled places which needed a superior 
article to iron. With these we have nothing to do in 
this article, our object being to illustrate tin subject of 
tine High-Gkadk Steels. The methods in tin.- have 
been considerably shortened, but very little though; 
for we must still refine the ores and the irons by first 
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smelting them, and then removing the imparities by 

boiling, working, and reheating them until we obtain 
pure iron ; and then afterwards melting them in 
crucibles in strong blast-furnaces at proper heat until 
the chemical reactions take place which discharge the 
gaseous impurities left and form good steel, which 
must then he worked, reheated, hammered, &C.', until 
the proper developments are made and the metal 
compacted ready to do the work required. All this 
is shorter than the past methods somewhat; but if 
quality is required, the time and expense amounts to 
a large investment. 

The practical difficulties of making good steel are 
many, and good results are often impossible. In 
making steel of refined iron, if too much carbon be 
used it makes cast-iron, if too little we simply have 
wrought-iron. If the mixtures lie correct and the 
heat too great, the steel is ruined by burning; if too 
little, it does not make steel that is worth using ; and 
each step afterwards makes or ruins the product before 
it is finished. Therefore the labor employed must be 
skillful, well paid, and be men of educated judgment. 

The rise of competition among steel-makers has 
caused them to deteriorate the qualities of the product 
by shortening their methods, and making use of such 
material as will cheapen the cost, and thus he enabled 
to get the market ; and the users of steel must bear 
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the burden of the losses of time and money spent on 
the inferior steels. 

It is a common mistake to suppose that any iron 
Which will temper is steel ; also to suppose irons which 
are hard and will make a cutting edge is good steel. 
This is not so. Cast-iron of some varieties can he 
made to take temper; cold-short wrought-iron will 
take temper: almost any alloy with iron will take 
temper, the hardening of copper being no longer a 
mystery. 

Almost any metal can be hardened to cut other 
metals. If this be so, it is easy to see that many so- 
called new discoveries are not what they claim to be. 
as will easily be discovered when the mechanic puts 
them to the test. The edges fly and crack ; they 
don't forge the second time without discovering their 
value ; and that such material which gives such re- 
sults can be mixed with good iron again, and then be 
called good steel, is preposterous. 

We can only repeat, it takes jmrr muterinh in with: 
pure steel, and one good steel tool is worth a dozen 
poor ones. The labor spent and wasted on poor steel 
would make many mechanics rich, and the way to find 
it out is to try a piece of good steel, treat it properly, 
and when the tool gets its work in, it is very easy to 
see the difference. 

So many have so often said to us, "We will give 
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any price for steel which will stand our work." Die- 
makers beg for a steel which "will not crack in 
hardening." Mechanics ask for ^rood chisels, barbers 
for good razors, wood-workerg for good took, every 
man and boy for a good knife, and so on ad infinitum, 
until it seems that there can be little, if any, ^ood 
steel to be had. 

England has been pre-eminent in furnishing good 
steels for many years, and has good iron from Swedes 
to make steel with. Much fault is found with that 
which reaches this country, and why? 

America has irons which will make Swedish iron, 
but they are not to be found in the market; makers 
of steel in America buy Swedish irons. Bui good Sti ell 
an- made in this country, as good a.- England makes. 
of American irons. The cheapening of steel here has 
created a prejudice in favor of the English article. 
because our manufacturers take means to cheapen the 

t '" >l - u ften at the expanse of quality. 

We have concluded, therefore, that we would meet 
the demand for good steel, m would refine our pun 
irons, make our steel under tht beet methods, either 
new or old, sparing no exp or labor in accom- 
plishing the results. That we have met with en- 
oouragement, and that our American people appreciate 
teel even if made in America, is attested by 
the many testimonials of approval and the growing 
nae of the orderi tor this staeL 
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